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© There is provided an image-receiving sheet comprising a substrate sheet, an image-receiving layer and as a 
d tection mark an opaque porous resin layer that can turn to be transparent upon heating, characterized in that 
the opaque porous resin layer is formed by coating a resin varnish comprising a resin, a good solvent having a 
relatively low boiling point and a poor solvent having a relatively high' boiling point on the image-receiving sheet 
and drying the resultant coating. 

There is also provided an image-receiving sheet comprising a substrate sheet and an image-receiving layer, 
characterized in that the image-receiving layer is composed mainly of a polyester resin comprising an acid 
moiety and a diol moiety of a modified bisphenol A represented by the following general formula (I): 
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CH 3 
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CH 3 



wherein R represents an ethylene or propylene group and x and y are each an integer of 1 to 5, provided that 
the average of each of x and y is 1 to 3. 



UJ 



RanK Xerox (UKV Business Services. 

BNSDOCID: <EP_08335O8A2J_> (3 * 



EP 0 633 508 A2 



PRINTING 



GOOD SOLVENT 
(LOW BOILING 
POINT) 

LOW- 
TEMPERATURE 
DRYING 



HIGH- 

TEMPERATURE 
DRYING 

RESIN 



POOR SOLVENT 
(HIGH BOILING 
POINT) 




POOR 
SOLVENT 



TRANSPARENT VARNISH 

RESIN 

+ 

GOOD SOLVENT 
(LOW BOILING POINT) 
+ 

POOR SOLVENT 

(HIGH BOILING POINT) 



EVAPORATION OF 
GOOD SOLVENT 

REM A 1NING PART I CUL ATE 
POOR SOLVENT 



-RESIN 



OOOOCT 

OOOO 
O O O O Oh P0RE 



EVAPORATION OF 
POOR SOLVENT 

POROUS LAYER 
(OPAQUE, WH I TE LAYER) 



FIG. I 



0633508A2 . 1 _> 



2 



t 



EP 0 633 508 A2 



This invention relates to an image-receiving sheet. More particularly, it relates to an image-receiving 
sheet for an overhead projector. 

An overhead projector (OHP) is an information transmission means which is used extensively in lecture 
meetings, schools, etc. Handwriting with an oil-base ink, printing and electrophotographic copying have 
5 hitherto been used as means for forming an image on an image-receiving sheet for OHP (hereinafter 
referred to as an "OHP sheet"). In order to steadily record and hold thereon image information, such as 
lines, letters and pictures, using the above means. OHP sheets generally have an image-receiving layer on 
a transparent substrate sheet. Therefore, the side of the image-receiving layer in an OHP sheet, on which 
information is to be recorded, should be surely distinguished from the other side of the sheet. For this 
w reason, a detection mark, for example, a white arrow, for identifying the side of the image-receiving layer, 
that is, distinguishing the two sides of an OHP sheet is put on the sheet surface. This marking also serves 
to mechanically distinguish an OHP sheet from other types of paper. 

Further, some electrophotographic copying machines are designed to begin work upon detection of the 
position of the sheet within the machine at the time of copying, which needs OHP sheets with a white 
75 detection mark formed thereon. 

The above detection mark becomes unnecessary upon the formation of an image. Rather, the presence 
of a detection mark after the formation of an image on an OHP sheet gives rise to the problem that when 
the OHP sheet is applied to an overhead projector, the detection mark is unfavorably projected together 
with the necessary image, so that the copresence of the unnecessary image on the projected image face 
20 deteriorates the quality of the projected image and sometimes makes it difficult to clearly see the 
contemplated image. 

In view of the problem associated with the detection mark, Japanese Patent Laid-Open No. 
170944/1991 teaches a detection mark for an OHP sheet, comprising an opaque porous resin layer that can 
turn to be transparent when heated at the time of forming of an image by means of electrophotographic 

25 copying. Proposed methods for producing such a porous resin layer are 1) a method which comprises 
incorporating a foaming agent during or after coating of a hydrophobic resin, such as a polystyrene resin or 
a polyester resin, on a substrate and conducting foaming and 2) a method which comprises coating the 
above-described hydrophobic resin together with an extractable resin or solvent on a substrate and then 
rendering the resultant coating porous by carrying out a water or solvent extraction. 

30 According to studies made by the present inventors, however, it has been found that the method 1) is 
disadvantageous in that not only the opacity of the detection mark is low but also the detection mark cannot 
be sufficiently rendered transparent by heating, and the method 2) has the drawbacks that the extraction 
step requires a considerable time and the extractant should be used in a large amount. 

On the other hand, OHP sheets for an electrophotographic copying machine raises the following 

35 problems particularly when a multi-color image is formed by using a multi-color copying machine. 

Specifically, when a multi-color image is formed on an OHP sheet, toners of three or four colors are 
usually put on top of another and heat-fixed. This causes the thickness derived from the superimposition of 
toners to become larger than that in the case of formation of a monochromatic image, so that the surface of 
the print after heat fixing is likely to become uneven. In this case, at the time of projection, the incident light 

40 scatters in the uneven portions, which renders color reproduction of the projected image particularly at 
highlight portions unsatisfactory. That is, clouding (graying) of the image projected by OHP occurs. 

Japanese Patent Laid-Open No. 198063/1991 proposes an image-receiving sheet comprising a coating 
of a material having a melting point above room temperature but below the fixing temperature of the toner 
and compatible with a binder resin for a color toner, and Japanese Patent Laid-Open No. 125567/1992 

45 proposes a penetrable transfer medium comprising a toner-image-holding layer containing a thermoplastic 
resin having a softening point below that of a color toner. In these proposals, in order to solve the above- 
described problem, the softening point or melt viscosity of the image-receiving resin are specified so that 
the toner penetrates into the image-receiving layer to provide a print having a reduced surface unevenness. 
Further, Japanese Patent Laid-Open No. 47667/1990 proposes an OHP sheet comprising a porous surface 

so layer comprised of a polyester r§sin 4 , . 

An object of the present invention is to provide an OHP sheet having a detection mark capable of being 
render d transparent upon h ating, which OHP sheet is free from the problem of the prior art. 

Another obj ct of the present invention is to provide an image-receiving sheet capable of forming a 
high-quality multi-color image that can provide an image free from clouding (graying) when applied to OHP. 

55 In order to attain th above-described objects, according to the first aspect of the pr sent invention, 
there is provided an image-rec iving sheet comprising a substrate sheet, an image-rec iving layer and as a 
detection mark an opaque porous r sin lay r capable of being rendered transparent upon h ating, said 
opaque porous r sin lay r comprising a layer formed by coating a resin varnish comprising a r sin, a good 

3 
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solvent having a relatively low boiling point and a poor solvent having a relatively high boiling point on said 
image-receiving sheet and drying the resultant coating. According to the second aspect of the present 
invention, there is provided an image-receiving sheet comprising a substrate sheet and an image-receiving 
layer, said image-receiving layer being composed mainly of a polyester resin comprising an acid moiety 
and a diol moiety of a modified bisphenol A represented by the following general formula (I): 



wherein R represents an ethylene or propylene group and x and y are each an integer of 1 to 5, provided 
that the average of x and y is 1 to 3. 

In the image-receiving sheet according to the first aspect of the present invention, the detection mark 
produced by the particular method is very excellent in opacity and capability of being rendered transparent 
upon heating at the time of forming of an image. Further, the detection mark has none of the problems of 
the prior art associated with production thereof, such as complicate production process and use of a large 
amount of an extraction solvent, and a high-quality detection mark can be provided by a simple process 
with a good reproducibility. 

In the image-receiving sheet according to the second aspect of the present invention, the image- 
receiving layer composed mainly of a particular polyester resin has a good compatibility with a binder resin 
for a toner, which contributes to an improvement in thermal and chemical properties, that is, an improve- 
ment in adhesion to the toner and color development. This enables a high-quality multi-color image to be 
formed without clouding (graying) of image on projection with OHP. 

Fig. 1 is a conceptual diagram showing an embodiment of a detection mark production process 
according to the present invention. 

I. Image-receiving sheet having a detection mark that can turn to be transparent upon heating: 

The image-receiving sheet according to the first aspect of the present invention comprises a substrate 
sheet, an image-receiving layer and as a detection mark an opaque porous resin layer that can turn to be 
transparent upon heating, said opaque porous resin layer being formed by coating a resin varnish 
comprising a resin, a good solvent having a relatively low boiling point and a poor solvent having a 
relatively high boiling point on said image-receiving sheet and drying the resultant coating. 

Stretched or unstretched transparent films or sheets of various plastics, such as polypropylene, 
polyvinyl chloride, polyethylene terephthalate, polymethacrylates, polycarbonates, cellulose triacetate, cel- 
lulose diacetate, polyamides, saponification products of ethyiene/vinyl acetate copolymer, polyarylates and 
polyethersulfone, may be used as the substrate sheet. 

The thickness of the substrate sheet may be properly determined depending on recording means to be 
used, necessary strength and rigidity, and the like. It, however, is usually in the range of from 50 to 300 
urn. 

The image-receiving layer is formed on the substrate sheet directly or through a primer layer. 

Examples of the resin for forming the image-receiving layer include polyolefin resins, such as 
polyethylene and polypropylene, vinyl resins, such as polyvinyl chloride, polyvinylidene chloride, polyvinyl 
acetate, vinyl chloride/vinyl acetate copolymer, polyacrylic esters and polystyrene, polyester resins, such as 
polyethylene terephthalate and polybutylene terephthalate, polyamide resins, copolymers of olefins, such as 
ethylene and propylene, with other vinyl monomers, ionomers, cellulosic resins, such as ethyl cellulose, 
cellulose acetate, and polycarbonate resins. Among them, vinyl resins and polyester resins are particularly 
preferred. Especially, for the imagQ-/ecieivingL sheet to be applieqljo electrophotographic copying machines, 
the specific polyester resin comprising an acid moiety and the specific diol moiety according to the second 
embodiment of the present invention is preferably used. Further, resins dyeabl with sublimable dyes and 
resins receptive to hot-melt inks may also be used as the resin for forming the imag -r ceiving layer. 

The image-receiving layer may b formed by adding various optional assistants to the abov resin 
component, dissolving or dispersing the mixture in a suitable solvent to pr par a coating composition, 
coating the composition on a substrate sheet by any conventional method and drying the resultant coating! 
The thickness of the image-receiving layer is usually in the range of from 1 to 20 urn. 
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A primer layer may be optionally provided between the image-receiving layer and the substrate sheet 
for the purpose of stabilizing the adhesion between the substrate sheet and the resin for forming the image- 
receiving layer. The primer layer may comprise a conventional material selected from linear polyesters, 
isocyanates and the like. 

5 In order to prevent the image-receiving layer from being contaminated with dust, an antistatic layer 

containing the following surfactant may be provided on an image-receiving layer as well as on the back 
surface of the substrate sheet. 

It is possible for the antistatic layer provided on the back surface of the substrate sheet to comprise a 
resin identical to that in the image-receiving layer from the viewpoint of preventing curling of the sheet. 

io An antistatic agent may be incorporated in the image-receiving layer. In this case, any conventional 
antistatic agent may be used so far as it is dispersible in the system in the formation of an image-receiving 
layer. Cationic, anionic, amphoteric and nonionic surfactants may be used as the surfactant. More specific 
examples of the antistatic agent include cationic antistatic agents, such as quaternary ammonium salts and 
polyamine derivatives, anionic antistatic agents, such as alkyl phosphates, and nonionic antistatic agents, 

75 such as fatty acid esters. 

When the antistatic layer is provided on the outermost layer of the sheet, if necessary, a lubricant may 
be incorporated in the antistatic layer so that the sheet can be slid smoothly upon toner-fixing and carried 
stably. 

In order to prevent a plurality of image-receiving sheets from being traveled together in an overlapped 
20 state due to blocking during feed of the image-receiving sheet to a printer, or a failure of the sheet to be 
carried within the printer, it is also possible to incorporate inorganic or organic fine particles in the above 
lubricant and/or in the image-receiving layier. In this case, the fine particles used should not detrimental to 
the transparency of the sheet. Examples of such fine particles include fine particles of materials having a 
refractive index close to that of the binder for the image-receiving layer, for example, inorganic fine 
25 particles, such as silica, talc, alumina and calcium carbonate, and organic fillers, such as fine particles of 
teflon, crosslinked urea resins, styrene/acrylic resin, melamine resin and polycarbonate. 

The detection mark of the present invention is formed as an opaque porous resin layer by coating a 
resin varnish comprising a resin, a good solvent having a relatively low boiling point and a poor solvent 
having a relatively high boiling point on an image-receiving sheet (on the surface of the image-receiving 
30 layer or on the back surface of the sheet) and drying the resultant coating. 

Fig. 1 is a conceptual diagram showing a process for producing the detection mark. 

As shown in Fig. 1, at the outset, a transparent resin varnish comprising a resin, a good solvent having 
a relatively low boiling point and a poor solvent having a relatively high boiling point is coated on the 
surface of the image-receiving layer of the image-receiving sheet or on the back surface of the sheet, that 
35 is, the surface of the image-receiving sheet remote from the image-receiving layer. The coating of the 
varnish may be carried out by any conventional printing method, such as gravure printing or silk screen 
printing, usually at a coverage of 0.5 to 10 um. The printed resin varnish is then dried. In the stage of 
drying, the good solvent having a relatively low boiling point is preferentially evaporated. The progress of 
the evaporation of the good solvent gives rise to phase separation between the resin phase and the 
40 remaining poor solvent in the resin varnish. As a result, the resin gels while the remaining poor solvent is 
dispersed in a particulate form. Further progress of drying goes on with evaporation of the remaining poor 
solvent in a particulate form having a relatively high boiling point, and a porous opaque (white) resin layer is 
formed upon the completion of evaporation of the poor solvent. 

In the above-described process, drying may be carried out in a single step. However, it is preferred to 
45 carry out two-step drying wherein the coating is dried first at a low temperature to complete the evaporation 
of substantially the good solvent having a relatively low boiling point alone and then dried at a high 
temperature to evaporate the remaining poor solvent. 

Drying conditions may be varied depending upon the kinds of resin, good solvent and poor solvent 
used, desired pore diameter and the like. In general, however, the one-step drying is preferably carried out 
,50 at a temperature in the range of from 80Uto.1Q.OrC for 3. to 10 seconds..and in the. case of the two-step 
drying, the low-temperature drying is preferably carried out at a temperature in the range of from 10 to 
30* C for 0.5 to 5 seconds with th high-t mp rature drying being preferably carried out at a temperature in 
the range of from 80 to 120*C for 1 to 5 seconds. Further, the low-temperature drying in the two-step 
drying is preferably carried out under calm conditions. 
55 Preferred examples of the resin used in the production of the detection mark according to the present 
invention include acrylic resin, polyester resin and vinyl chloride/vinyl acetate copolymer. Among them, 
vinyl chloride/vinyl acetate copolymer r sin is particularly preferred. It is preferred for th melting point of 
thes r sins to be in the range of from 30 to 150*C, particularly preferably in the rang of from 50 to 
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130*C. When the melting point exceeds 150 *C, there is a fear that upon melting of the porous resin layer 
at the time of formation of an image (fixation of the toner) the substrate may also be thermally deformed. 
On the other hand, the use of resins having a melting point of 30 *C or held is unfavorable from the 
viewpoint of storage stability. 
5 The above-described resins may be used alone or as a mixture of two or more. 

Poor solvents for the above-described resins include hydrocarbon solvents, such as aliphatic hydrocar- 
bons, aromatic hydrocarbons and terpene hydrocarbons, halogenated hydrocarbons and alcohols. Good 
solvents for solvent-soluble resins among the above-described resins include ketones, such as acetone, 
methyl ethyl ketone and cyclohexane, esters, such as ethyl acetate, butyl acetate and ethylene glycol 
10 acetate monomethyl ether, and for some resins, aromatic hydrocarbons and alcohols. When a water-soluble 
resin is used, a poor solvent for a solvent-soluble resin may be used as a good solvent and a good solvent 
for a solvent-soluble resin as a poor solvent. 

The poor solvent is used generally in an amount of 10 to 70 parts by weight based on 100 parts by 
weight of the resin. 

75 As will be understood from the above description in connection with the detection mark production 

process, the boiling point of the poor solvent must be relatively higher than that of the good solvent. 
Further, from the viewpoint of stable dispersion in the resin varnish, it is preferred to use a combination of 
good and poor solvents that are soluble in each other. 

in the detection mark according to the present invention, it is also possible to further incorporate a 
20 particulate lubricant in the resin varnish. Use of the lubricant accelerates evaporation of the solvent during 
drying of the resin varnish, whereby the productivity of the detection mark is increased. Further, the use of 
the lubricant can improve the coating strength of the detection mark as a printed coating, which contributes 
to an improvement in scratch resistance. 

The lubricant is preferably a particulate organic lubricant having a particle diameter in the range of from 
25 0.5 to 20 urn. Examples thereof include particles of aliphatic hydrocarbons, such as petroleum wax, 
synthetic paraffins, polyethylene wax and montan wax, higher fatty acids and metal salts thereof, such as 
palmitic acid and stearic acid and aluminum, tin and zinc salts thereof, aliphatic alcohols, aliphatic esters, 
such as n-butyl stearate, n-hexyl stearate and octyl stearate, amides, such as stearic acid amide, palmitic 
acid amide and ethylenebispalmitic acid amide, and wax, such as carnauba wax. 
30 The amount of the lubricant used is generally in the range of from 0.5 to 30% by weight, preferably in 
the range of from 1 to 5% by weight, based on the resin. 

It is preferred for the porous resin layer as the detection mark to have an average pore diameter in the 
range of from 0.05 to 2 um. 

When the average pore diameter is less than 0.05 um, no good opacity (whitening) can be attained, so 
35 that the function of the detection mark is unsatisfactory. On the other hand, when it exceeds 2 um, the 
coating strength becomes low. 

The pore diameter in the porous resin layer can be regulated in the above range by optimizing the 
drying temperature, air flow for drying, drying time, mixing ratio of the poor solvent to the good solvent, etc. 
In the detection mark thus formed, the resin component is melted by heat (100 to 150*C) of a hot roll 
40 for fixing the toner to the image-receiving sheet in the stage of formation of an image by using an 
electrophotographic copying machine and then solidified again, which turns the detection mark to be 
transparent. 

In the detection mark according to the present invention, the transmittance in a wavelength region of 
from 400 to 1000 nm is not more than 50% before printing and not less than 75% after printing, and the 
45 reflectance is not less than 20% before printing and not more than 10% after printing. 

The detection mark can be provided on the surface of the image-receiving layer or the back surface of 
the image-receiving sheet remote from the image-receiving layer. When the detection mark is provided on 
the hack surface, it may be formed between the substrate sheet and the antistatic layer or on the surface of 
the antistatic layer. The shape and the number of the detection marks are not particularly limited and may 
so be suitably selected. 

Further, the detection mark according to the present invention may be used also for image-receiving 
sheets for sublimation transfer, hot-melt transfer and ink jet recording. 

The first aspect of the present invention will now be described in mor detail with reference to the 
following examples and comparative example, wherein all parts and % ar by weight unless otherwise 
55 specified. 
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Example 1-1 

A 100 um-thick polyethylene terephthalate film (T-60 manufactured by Toray Industries, Inc.) was 
provided for use as a substrate sheet, and the following coating solution for a primer layer was coated on 
5 one surface of the substrate sheet by means of a bar coater at a coverage of 1 g/m 5 on a dry basis. A 
coating solution having the following composition for an image-receiving layer was coated on the primer 
layer by means of a bar coater at a coverage of 5.0 g/m 2 on a dry basis to form an image-receiving layer. 

A coating solution having the following composition for a back surface layer was coated on the back 
surface of the substrate sheet, that is, the surface of the substrate sheet remote from the image-receiving 
10 layer at a coverage of 1 g/m 2 on a dry basis to form a back surface layer, and an ink A having the following 
composition for a detection mark was printed on the back surface layer to a thickness of 2 to 3 um on a dry 
basis by using a gravure printing machine and dried at 80 • C for 5 seconds to whiten the detection mark, 
followed by sheeting to provide an OHP sheet for an electrophotographic copying machine. 



75 


Coating solution for image-receiving layer 




Polyester resin (Vylon 600 manufactured by Toyobo 


4 parts 




Co., Ltd.) 






Vinyl chloride/vinyl acetate copolymer resin (Denkalac 


6 parts 


20 


#1000A manufactured by Denki Kagaku Kogyo K.K.) 






Methyl ethyl ketone : toluene =1:1 


90 parts 



25 



Coating solution for primer layer 



Polyester polyol (Adcoat manufactured by Toyo Morton Ltd.) 
Methyl ethyl ketone : toluene = 2:1 



15 parts 
85 parts 



30 



35 



Ink A for detection mark 



40 



Acrylic resin (BR-85 manufactured by Mitsubishi Rayon Co., Ltd.) 
Antistatic agent (TB-34 manufactured by Matsumoto Yushi Seiyaku 
Co., Ltd.) 

Lubricant teflon filler (Daikin Polyflon Tef Low Polymer L-5 having a 
particle diameter of 7um, manufactured by Daikin Industries, Ltd.) 
Good solvent (toluene : methyl ethyl ketone = 1:1) 
Poor solvent (Isoper H (mixture of C10-C14 aliphatic hydrocarbons) 
manufactured by ESSO) 



20 parts 
2 parts 

2 parts 

56 parts 
20 parts 



50 .. 



Coating solution for back surface layer 


Cationic acrylic resin (Saftomer No. 13 having a solid content of 


65 parts 


35%, manufactured by Mitsubishi Petrochemical Co., Ltd.) 




Antistatic agent (TB-34 manufactured by Matsumoto Yushi Seiyaku 


1 part 


Co.. Ltd.) 




Lubricant teflon filler (Daikin Polyflon Tef Low Polymer L-5 having a 


2 parts 


particle diameter of 7 um, mamjfactureo> by Daikin Industries- Ltd.) 1 * 




Ethanol 


32 parts 



55 Example I-2 

An OHP sheet was prepared in the same manner as in Example 1-1, except that an ink B having the 
following composition for a detection mark was used instead of the ink A. 
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Ink B for detection mark 


Polyester resin (Vylon 290 manufactured by Toyobo Co., Ltd.) 


20 parts 


Antistatic agent (TB-34) 


2 parts 


Lubricant (Daikin Polyflon Tef Low Polymer L-5) 


2 parts 


Good solvent (toluene : methyl ethyl ketone = 1:1) 


56 parts 


Poor solvent (Isoper H) 


20 parts 



Example I-3 

An OHP sheet was prepared in the same manner as in Example 1-1, except that an ink C having the 
following composition for a detection mark was used instead of the ink A. 



Ink C for detection mark 


Polyester resin (Vylon 600) 


20 parts 


Antistatic agent (TB-34) 


2 parts 


Lubricant (Daikin Polyflon Tef Low Polymer L-5) 


2 parts 


Good solvent (toluene : methyl ethyl ketone = 1:1) 


56 parts 


Poor solvent (Isoper H) 


20 parts 



ExamD*e 1^4 

An OHP sheet was prepared in the same manner as in Example 1-1, except that an ink D having the 
foiiowoq composition for a detection mark was used instead of the ink A. 



Ink D for detection mark 



Acrylic resin (BR-85 manufactured by Mitsubishi Rayon 
Co., Ltd.) 

Vinyl chloride/vinyl acetate copolymer (Brushing Resin 
A) 

Poor solvent (Isoper H) 
Good solvent (toluene) 

Lubricant (carnauba wax CR-8 having a particle diameter 
of 5 urn, manufactured by Koyo Kagaku Co., Ltd.) 




Examote ft-5 



An OHP sheet was prepared in the same manner as in Example 1-1, except that an ink E having the 
following composition for a detection mark was used instead of the ink A. 



Ink E for detection mark 


Acrylic resin (BR-85) 

Vinyl chlorrde/virtyf' acetate copolymer (Brushing Resin A) 
Poor solvent (Isoper H) 
Good solvent (toluene) 

Lubricant (Daikin Polyflon Tef Low Polymer L-5) 


10 parts 
5 parts 4 
1 0 parts 
72 parts 
3 parts 
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Example 1-6 

An OHP sheet was prepared in the same manner as in Example 1-1, except that an ink F having the 
following composition for a detection mark was used instead of the ink A. 

5 



Ink F for detection mark 


Acrylic resin (BR-85) 


10 parts 


Vinyl chloride/vinyl acetate copolymer (Brushing 


5 parts 


Resin A) 




Poor solvent (Isoper H) 


8 parts 


Good solvent (toluene) 


73 parts 


Lubricant (polyethylene wax AF-30 having a particle 


4 parts 


diameter of 10 am, manufactured by The Inctec Inc.) 





75 

Example I-7 

An OHP sheet was prepared in the same manner as in Example 1-1 , except that an ink G having the 
following composition for a detection mark was used instead of the ink A. 



Ink G for detection mark 


Polyester resin (Vylon 600) 


10 parts 


Vinyl chloride/vinyl acetate copolymer (Brushing Resin A) 


5 parts 


Poor solvent (Isoper H) 


10 parts 


Good solvent (toluene) 


72 parts 


Lubricant (carnauba wax CR-8) 


3 parts 



30 

Example 1-8 

An OHP sheet was prepared in the same manner as in Example 1-1, except that an ink H having the 
35 following composition for a detection mark was used instead of the ink A. 



Ink H for detection mark 


Vinyl chloride/vinyl acetate copolymer (Brushing Resin A) 


18 


parts 


Poor solvent (n-butanol) 


35 


parts 


Good solvent (acetone) 


42 


parts 


Lubricant (carnauba wax CR-8) 


5 


parts 



Example I-9 

An OHP sheet was prepared in the same manner as in Example 1-1, except that an ink I having the 
following composition for a detection mark was used instead of the ink A. 



Ink I for detection mark 


Vinyl chloride/vinyl acetate copolymer (Brushing Resin A) 


18 parts 


Poor solvent (n-butanol) 


35 parts 


Good solvent (acetone) 


42 parts 


Lubricant (Daikin Polyflon Tef Low Polymer L-5) 


5 parts 
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Example 1-10 

An OHP sheet was prepared in the same manner as in Example 1-1, except that an ink J having the 
following composition for a detection mark was used instead of the ink A. 

5 



Ink J for detection mark 


Vinyl chloride/vinyl acetate copolymer (Brushing Resin A) 


20 parts 
1 .5 parts 


Acrylic resin (BR-83) 


Good solvent: 


toluene 
ethyl acetate 
MEK 
acetone 


8.0 parts 
12.0 parts 

7.5 parts 
17.0 parts 


Poor solvent: 


n-propanol 
n-butanol 


17.0 parts 
17.0 parts 


Fine particles of silica (average particle diameter: 12 urn) 


0.1 part 



20 

Comparative Examples 1-1 

An OHP sheet was prepared in the same manner as in Example 1-1, except that an ink K having the 
following composition for a detection mark was used instead of the ink A. 



Ink K for detection mark 


Titanium oxide 


20 parts 


Polyester resin (Vylon 290) 


20 parts 


Antistatic agent (TB-34) 


2 parts 


Lubricant (Dai kin Polyflon Tef Low Polymer L-5) 


2 parts 


Good solvent (toluene : methyl ethyl ketone = 1:1) 


56 parts 



35 

Comparative Example I-2 

An OHP sheet was prepared in the same manner as in Example 1-1, except that an ink L having the 
following composition for a detection mark was used instead of the ink A. 

40 



Ink L for detection mark 


Polyester resin (Vylon 290) 


20 parts 


Antistatic agent (TB-34) 


2 parts 


Lubricant (Daikin Polyflon Tef Low Polymer L-5) 


2 parts 


Toluene : methyl ethyl ketone = 1:1 


61 parts 



An image was formed on the OHP sheets obtained in the above examples and comparative examples 
by using an electrophotographic copying machine (Pixel CLC-200 manufactured by Canon Inc.). The 
transmittance and reflectance of a near infrared ray*at 950 nm* were measured for the detection marks 
before and after copying by using the following device. The results are given in Table 1 . 





M asuring device: 


Spectrophotometer UV-3100 manufactured by Shimadzu Seisakusho Ltd. 


55 


Measuring wavelength: 


X - 950 nm 




Scanning rate: 


Very slow 
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Each sheet after copying was applied to an overhead projector to observe whether or not an image 
derived from the detection mark was present in the projected image. As a result, for all the OHP sheets 
prepared in the examples of the present invention, any image derived from the detection mark was not 
observed at all in the projected image. On the other hand, for the sheet prepared in Comparative Example I- 
5 1, an image derived from the detection mark was observed clearly in the projected image, and with respect 
to the sheet prepared in Comparative Example I-2, as is apparent from the data given in Table 1 , no opaque 
(whitened) resin layer which can function as a detection mark could be obtained. 



Table 1 



10 



16 



20 



25 



Example No. 


Transmittance, 


% Reflectance, % 






Before copying 


After copying 


Before copying 


After copying 


Ex. 


1-1 


18.4 


90.2 


39.7 


5.2 




I-2 


25.4 


89.6 


35.6 


4.8 




I-3 


28.3 


90.7 


37.8 


6.3 




I-4 


17.2 


90.4 


38.1 


5.1 




I-5 


16.4 


91.2 


40.0 


5.4 




1-6 


17.6 


91.7 


36.5 


5.3 




I-7 


25.4 


90.9 


37.8 


6.2 




I-8 


10.8 


89.2 


40.6 


4.9 




I-9 


9.6 


90.3 


41 .7 


4.8 




1-10 


9.9 


88.2 


39.4 


4.9 


Comp. Ex. 


1-1 


23.2 


23.4 


43.4 


43.5 




I-2 


91.0 


91 .8 


5.0 


5.0 



30 



35 



II. Image-receiving sheet having an image-receiving layer composed mainly of a particular polyester resin: 

The image-receiving sheet according to the second aspect of the present invention comprises a 
substrate sheet and an image-receiving layer, said image-receiving layer being composed mainly of a 
polyester resin comprising an acid moiety and a diol moiety of a modified bisphenol A represented by the 
following general formula (I): 



40 




(I) 



CH 3 



wherein R represents an ethylene or propylene group and x and y are each an integer of 1 to 5, provided 
that the average of each of x and y is 1 to 3. 

Examples of the substrate sheet used in the image-receiving sheet according to the present invention 
include films of polyesters, polyolefins, such as polyethylene and polypropylene, polycarbonate, triacetate, 
polyethersulfone (PES), polyether ether ketone (PEEK), polyvinyl chloride, various acrylic resins including 
polymethyl methacrylate and cellophane. Among them, polyester, hard vinyl chloride resin, polypropylene 
and triacetate films are preferred. The substrate sheet may be subjected to undercoating for the purpose of 
improving the adhesion to the image-receiving layer. The thickness of the substrate sheet used in the 
present invention may be properly determined depending"upoft rfccoirKng' -means to be employed, neces- * 1 
sary strength and the like. It, howev r. is usually in the range of from 10 to 300 um. preferably in the range 
of from 70 to 130 um. 

The resin for forming the image-receiving layer provided on the surface of the substrate sheet is 
composed mainly of a polyester resin comprising an acid moiety and a diol moiety of a modified bisphenol 
A repr sented by the following general formula (I): 
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(I) 



70 



75 



wherein R represents an ethylene or propylene group and x and y are each an integer of 1 to 5, provided 
that the average of each of x and y is 1 to 3. 

The expression "composed mainly of a polyester resin" used herein is intended to mean that at least 
50% by weight of the whole resin component constituting the image-receiving layer is accounted for by the 
polyester resin. 

Fumaric acid, phthalic acid, terephthalic acid, isophthalic acid, maleic acid, succinic acid, adipic acid, 
citraconic acid, itaconic acid, sebacic acid, malonic acid, hexacarboxylic acid and the like may be used as 
the acid moiety. 

A polyester resin comprising as the diol moiety a propylene glycol-modified bisphenol A represented 
by the following formula (II) and as the acid moiety fumaric acid is most preferred because it has a good 
compatibility with a resin for fixing the toner and can provide a good print image. 



20 




(ID 



25 

It is also possible to use the above polyester resin in combination with other resins commonly used for 
forming an image-receiving layer, for example, polyolefin resins, such as polyethylene and polypropylene, 
polyvinyl chloride, polyvinylidene chloride, polyvinyl acetate, vinyl chloride/vinyl acetate copolymer, 
polyacrylic esters, polyethylene terephthalate, polybutylene terephthalate, polystyrene resins, polyamide 

30 resins, copolymers of olefins, such as ethylene and propylene, with other vinyl monomers, ionomers, 
cellulosic resins, such as ethyl cellulose and cellulose acetate, and polycarbonate resins. 

The image-receiving layer may be formed by adding various optional agents to the above resin 
component, dissolving or dispersing the mixture in a suitable solvent to prepare a coating composition, 
coating the composition on a substrate sheet by any conventional method and drying the resultant coating. 

35 The thickness of the image-receiving layer is usually in the range of from 1 to 20 urn. 

Organic or inorganic fine particles may be incorporated in the image-receiving layer, and the average 
particle diameter of the fine particles is preferably in the range of from 0.1 to 10 urn. For example, fine 
particles of fluoropolymers, such as an ethylene tetrafluoride polymer and an ethylene/ethylene tetrafluoride 
copolymer, salts of stearic acid, such as zinc stearate, organic polymers, such as polyethylene, polystyrene, 

40 nylon and benzoguanamine, fine particles of inorganic substances, such as silica, colloidal silica and 
alumina, may be used for the purpose of imparting lubricity to the image-receiving layer. Further, wax, 
silicone oil, surfactants, vegetable oils, animal oils, mineral oils and the like may also be incorporated in the 
image-receiving layer for the same purpose. Among the above-described additives, fluoropolymers are best 
suited for imparting the lubricity because they, as such, have an excellent surface lubricity. 

45 Further, in order to prevent a plurality of image-receiving sheets from being traveled together in an 
overlapped state due to blocking likely to occur when the image-receiving sheet is fed to a printer, fine 
particles of organic polymers, for example, polyolefins, such as polyethylene, polystyrene, polyacrylonitrile 
and an ethylene/acrylic acid copolymer, fine particles of inorganic substances, for example, silica, colloidal 
silica, kaolin, clay, talc, silica rock, aluminum hydroxide, titanium dioxide, calcium carbonate, aluminum 

so sulfate. and, zinc .oxide^and. fine particles of glass beads may : be. incorporated in the imager-reqeivingjayer in 
such an amount as will not be detrimental to the transparency of the image-receiving layer. 

The amount of these fine particles incorporat d is preferably in the range of from 0.1 to 10 parts by 
weight based on 100 parts by weight of the resin for forming the image-receiving layer. 

If the content of the fine particles is higher than the above upper limit, the transpar ncy of the image- 

55 receiving sheet is lowered. When it is necessary for the image-receiving sheet to b transparent, the haz is 
preferably not more than 10. In this case, the amount of the fine particles incorporated is preferably in the 
range of from 0.1 to 3 parts by weight based on 100 parts by weight of the resin for forming the image- 
receiving layer. 
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The image-receiving layer may further comprise, incorporated therein or present on the surface thereof, 
an antistatic agent, and examples of the antistatic agent include cationic antistatic agents, such as 
quaternary ammonium salts and polyamine derivatives, anionic antistatic agents, such as alkyl phosphates 
and nonionic antistatic agents, such as fatty acid eaters. Further, it is also possible to use resin type 
5 antistatic agents comprising acrylic or other resins with the above-described antistatic agents grafted 
thereonto. 

The amount of the antistatic agent used is preferably in the range of from 0.1 to 5 parts by weight 
based on 100 parts by weight of the resin for forming the image-receiving layer. 

If the content of the antistatic agent exceeds the above upper limit, the properties inherent in the image- 
io receiving layer are deteriorated, while if the content of the antistatic agent is less than the above lower limit, 
the antistatic effect attained is unsatisfactory. 

When an antistatic layer is provided on the back surface of the transparent substrate sheet, the 
antistatic agent described above may be diluted with a solvent, such as an alcohol, and coated on the back 
surface of the substrate sheet by gravure printing, spray coating or other methods to form an antistatic layer 
75 having a thickness of 0.02 to 3 um. 

Further, a detection mark having a desired pattern of usually 0.5 to 10 um in thickness can be formed 
on the surface of the image-receiving layer or on the back surface of the substrate sheet by any 
conventional method or by the method described above in connection with the first aspect of the present 
invention. When the detection mark is formed on the back surface of the substrate sheet, it may be formed 
20 between the substrate sheet and the antistatic layer or alternatively on the surface of the antistatic layer 
remote from the image-receiving layer. 

The second aspect of the present invention will now be described in more detail with reference to the 
following examples and comparative example, wherein all parts and % are by weight unless otherwise 
specified. 

25 

Example 11-1 

At the outset, a 1 00 um-thick transparent polyethylene terephthalate film (T-60 manufactured by Toray 
Industries, Inc.) was provided as a substrate sheet, and a coating solution having the following composition 
30 for an image-receiving layer was coated thereon by means of a bar coater at a coverage of 5.0 g/m 2 on a 
dry basis to form an image-receiving layer, thereby providing an image-receiving sheet. 



Coating solution 1 for image-receiving layer 


Polyester resin (polymerization product of fumaric acid with propylene 
glycol-modified bisphenol A) (Tg: 60 'C, softening point: 100*C) 
Methyl ethyl ketone : toluene = 1:1 
Fine particles of silica (average particle diameter: 5 um) 


30 parts 

70 parts 
0.15 part 



Example 1 1 -2 

An image-receiving sheet was prepared in the same manner as in Example 11-1 , except that a coating 
solution 2 having the following composition for an image-receiving layer was used instead of the coating 
solution 1 for an image-receiving layer. 



Coating solution 2 for image-receiving layer 


Polyester resin (polymerization product of fumaric acid with propylene 
glycot-modified bisphenol A) (Tg: 60 # C, softening point: 100*C)' 
Antistatic agent (TB-34 manufactured by Matsumoto Yushi Seiyaku Co., 
Ltd.) 

Methyl ethyl ketone : toluene = 1:1 


30 parts 
0.2 part 
70 parts 
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Example 11-3 

The same image-receiving sheet as prepared in Example 11-1, Comprising a substrate sheet and, 
formed thereon, an image-receiving layer, was provided, and a coating solution having the following 

s composition for an antistatic layer was coated on the outer surface of the image-receiving layer and on the 
back surface of the substrate sheet, i.e., the surface of the substrate sheet remote from the image-receiving 
layer, so that the coverage on a dry basis of each antistatic layer was 0.1 g/m 2 . Thereafter, a detection mark 
according to the first embodiment of the present invention was printed at a coverage on a dry basis of 2 to 
3 g/m 2 on the antistatic layer provided on the back surface using an ink 1 having the following composition 

io for a detection mark by gravure printing, thereby providing an image-receiving sheet. 



Coating solution for antistatic layer 


Antistatic agent (TB-34 manufactured by Matsumoto Yushi Seiyaku Co., Ltd.) 
Isopropyl alcohol 


1 part 
500 parts 



Ink 1 for detection mark 


Vinyl chloride/vinyl acetate copolymer resin (Denkalac 


30 


parts 


manufactured by Denki Kagaku Kogyo K.K.) 






Acrylic resin (Dianal manufactured by Mitsubishi 


1 


part 


Rayon Co., Ltd.) 






Poor solvent (n-butanol) 


25 


parts 


Acetone 


35 


parts 



Example II-4 

An image-receiving sheet was prepared in the same manner as in Example 11-1, except that a coating 
solution 3 having the following composition for an image-receiving layer was used instead of the coating 
solution 1 for an image-receiving layer. 



Coating solution 3 for image-receiving layer 


Polyester resin (polymerization product of succinic acid with diethylene 
glycol-modified bisphenol A) (Tg: 65 *C, softening point: 110*C) 
Methyl ethyl ketone : toluene =1:1 


30 parts 
70 parts 



Example II-5 



45 



An image-receiving sheet was prepared in the same manner as in Example 11-1, except that a coating 
solution 4 having the following composition for an image-receiving layer was used instead of the coating 
solution 1 for an image-receiving layer. 



50. 



55 



Coating solution 4 for image-receiving layer 



Polyester resin (polymerization jSrodocfof terephthalic 
acid with triethylene glycol-modified bisphenol A) 
(Tg: 50 • C, softening point: 70 • C) Methyl thyl ketone 
: toluen =1:1 



30 parts 
70 parts 
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Example 11-6 

An image-receiving sheet was prepared in the same manner as in Example 11-1 , except that a coating 
solution 5 having the following composition for an image-receiving layer was used instead of the coating 
solution 1 for an image-receiving layer. 



Coating solution 5 for image-receiving layer 


Polyester resin (polymerization product of adipic acid with di propylene 
glycol-modified bisphenol A) (Tg: 70 * C, softening point: 1 10 • C) 
Methyl ethyl ketone : toluene = 1:1 


30 parts 
70 parts 



Example II-7 

An image-receiving sheet was prepared in the same manner as in Example 11-1 , except that a coating 
solution 6 having the following composition for an image-receiving layer was used instead of the coating 
solution 1 for an image-receiving layer. 



Coating solution 6 for image-receiving layer 


Polyester resin (polymerization product of terephthalic acid with tripropylene 
glycol-modified bisphenol A) (Tg: 55 *C, softening point: 90 *C) 
Methyl ethyl ketone : toluene =1:1 


30 parts 
70 parts 



Comparative Example 11-1 

An image-receiving sheet was prepared in the same manner as in Example 11-1 , except that a coating 
solution 7 having the following composition for an image-receiving layer was used instead of the coating 
solution 1 for an image-receiving layer. 



Coating solution 7 for image-receiving layer 


Polyester resin (polymerization product of succinic acid 
with ethylene glycol) (Tg: 60 *C, softening point: 100 *C) 
Methyl ethyl ketone : toluene = 1:1 Evaluation method: 


30 parts 
70 parts 



The image-receiving sheets obtained in the above examples and comparative example were subjected 
to color printing using a color test chart No. 11 of The Institute of Image Electronics Engineers of Japan by 
means of a multi-color copying machine CLC-200 manufactured by Canon Inc. Then, the images projected 
by OHP and graying (clouding of the image projected by OHP) were evaluated by visual observation, and 
the surface electric resistance was measured under the environmental conditions of 20 • C and 60% relative 
humidity to evaluate the antistatic effect. The results are given in Table 2. 

Further, for the detection mark prepared in Example II-3, the transmittance and reflectance at 950 nm 
were measured in the same manner as set forth on page 17. As a result, the transmittance was found to be 
11.0% before copying, and 90.4% after copying. The reflectance was found to be 38.7% before copying, 
and 4.6% after copying. The detection mark was not observed in the image projected by OHP. 
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Table 2 



Example No. 


Quality of image 


Graying 


Surface electric resistance Not less than 


Ex. 11-1 


Good 


No graying 


1 x10 13 D Not less than 


Ex. II-2 


Very good 


ditto 


1 x 1 0 8 Q Not less than 


Ex. II-3 


ditto 


ditto 


5 x10 s 0 Not less than 


Ex. II-4 


Good 


Some graying 


1 x10 13 n Not less than 


Ex. II-5 


ditto 


ditto 


1 x 10 13 Q Not less than 


Ex.ll-6 


ditto 


ditto 


1 x 10 13 Q Not less than 


Ex.N-7 


ditto 


ditto 


1x10 13 o 


Comp. Ex.ll-1 


ditto 


Remarkable graying 


Not less than 1 x 10 13 Q 



Claims 

20 

1. An image-receiving sheet comprising a substrate sheet, an image-receiving layer and as a detection 
mark an opaque porous resin layer that can turn to be transparent upon heating, characterized in that 
said opaque porous resin layer is formed by coating a resin varnish comprising a resin, a good solvent 
having a relatively low boiling point and a poor solvent having a relatively high boiling point on said 

25 image-receiving sheet and drying the resultant coating. 

2. The image-receiving sheet according to claim 1, wherein said resin contained in the resin varnish is 
selected from an acrylic resin, a polyester resin, a vinyl chloride/vinyl acetate copolymer resin and 
mixtures thereof. 

30 

3. The image-receiving sheet according to claim 1 or 2, wherein said poor solvent is used in an amount of 
10 to 70 parts by weight based on 100 parts by weight of the resin. 

4. The image-receiving sheet according to any one of the preceding claims, wherein said resin varnish 
35 further comprises a particulate lubricant. 



5. 



40 6. 



The image-receiving sheet according to any one of the preceding claims, wherein said opaque porous 
resin layer has an average pore diameter in the range of from 0.05 to 2 urn. 

An image-receiving sheet comprising a substrate sheet and an image-receiving layer, characterized in 
that said image-receiving layer is composed mainly of a polyester resin comprising an acid moiety and 
a diol moiety of a modified bisphenol A represented by the following general formula (I): 



45 



H-f OR}— O 




(X) 



so wherein R represents an ethylene or propylene grouped x and y are each, an integer of 1 to 5, 
provided that the average of each of x and y is 1 to 3. 

7. The image-receiving sheet according to claim 6, wherein said modified bisphenol A is a propylene 
glycol-modified bisphenol A represented by the formula (I) wherein R represents a propylene group and 

as x and y are each 1 , and said acid moiety is fumaric acid. 

8. The image-receiving sheet according to claim 6 or 7 t wherein said image-receiving layer further 
comprises inorganic and/or organic fine particles having an average particle diameter of 0.1 to 10 urn. 
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9. The image-receiving sheet according to any one of claims 6 to 8, wherein said image-receiving layer 
further comprises, incorporated therein or present thereon, an antistatic agent. 

10. The image-receiving sheet according to any one of claims 6 to 9, which further comprises an antistatic 
5 layer provided on the surface of the substrate sheet remote from the image-receiving layer. 

11. The image-receiving sheet according to any one of claims 6 to 10 having a detection mark. 

10 
IS 
20 
25 
30 
35 
40 
45 

50 . . . 
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© Thof© 15 provided an image-receiving sheet comprising a substrate sheet, an image-receiving layer and as a 
detection mark an opaque porous resin layer that can turn to be transparent upon heating, characterized in that 
the opaque porous resin layer is formed by coating a resin varnish comprising a resin, a good solvent having a 
relatively km boiling point and a poor solvent having a relatively high boiling point on the image-receiving sheet 
and dryng the resultant coating. 

There •$ also provided an image-receiving sheet comprising a substrate sheet and an image-receiving layer, 
characterized in that the image-receiving layer is composed mainly of a polyester resin comprising an acid 
moiety and a diol moiety of a modified bisphenol A represented by the following general formula (I): 




(I) 



CH 3 



wherein R represents an ethylene or propylene group and x and y are each an integer of 1 to 5. provided that 
the average of each of x and y is 1 to 3. 
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